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DIETARY INTERRELATIONSHIPS: 
PYRIDOXINE AND AMINO ACID METABOLISM 


By RUTH WOODS 


Within five years of the discovery of pyridoxine as another member of 
the vitamin B complex, the exact chemical nature and physiological action 
of the new vitamin were clearly established. Although pyridoxine deficiency 
was shown to provoke characteristic disturbances in such diverse animal 
systems as the skin, nerves and blood, no satisfactory explanation concerning 
the mechanisms underlying its action in any of these could be found. The 
availability of synthetic pyridoxine in 1939 greatly increased the scope of 
experimental study with the new vitamin. Scarcely three years later came 
the first clue as to the nature of the biological action of pyridoxine. This 
was the discovery of a new substance, “pseudopyridoxine.” From this start- 
ing point, a whole new field of study has been made possible and many of 
the mysteries involved in the behavior of pyridoxine in the general scheme 
of metabolism have been solved. 


The Discovery of Pseudopyridoxine: 


The discovery of pseudopyridoxine arose out of studies on microbiologi- 
cal assay methods for estimating the pyridoxine content of natural products. 
Using the lactic acid bacteria, Streptococcus lactis R, as a test organism Snell 
et al (1) attempted to devise a specific microbiological assay for pyridoxine. 
They found that this organism grew luxuriantly when pyridoxine was added 
to the base medium and that growth failed completely in the absence of 
either synthetic pyridoxine or a natural tissue extract source of the vitamin. 
They reported further, however, the surprising fact that assay of such natural 
extracts for their pyridoxine content by use of S. /actis R gave values which 
ranged from several hundred to several thousand times the accepted values 
for such materials as obtained by other standard assay procedures. This fact 
suggested two possible explanations: (a) the organism, in addition to re- 
sponding to pyridoxine, was responding to a substance (or substances) 
present in the extracts which differed from pyridoxine and which either 
greatly surpassed pyridoxine in physiological activity, or was present in 
much greater quantity; or (b) a substance (or substances) was present in 
tissue extracts which, though inactive itself, greatly increased the sensitivity 
of S. Jactis R to pyridoxine. 

Upon further investigation, the first explanation was found to be valid. 
A substance closely similar to pyridoxine in physical and chemical properties 
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was found to be present in tissue extracts in addition to pyridoxine itself. 
It was named, tentatively, pseudopyridoxine. Experiments indicated that 
pseudopyridoxine was a naturally occurring metabolic product which prob- 
ably arose from pyridoxine itself, and which far surpassed pyridoxine in 
physiological activity for the microorganism, S. /actis R. It was concluded 
further that pyridoxine is probably first transformed to the pseudopyridoxine 
form before or during utilization by the animal organism. 

Studies with rats showed marked depletion of ‘‘pseudopyridoxine” in 
the tissues of pyridoxine-deficient animals and return to normal or higher 
than normal levels when synthetic pyridoxine was fed. The changes in tissue 
pseudopyridoxine were greater than the changes in pyridoxine content of the 
same tissues. In a test with a human subject, excretion of pseudopyridoxine 
following administration of a test dose of pyridoxine was greatly increased, 
after a time lag, indicating probable conversion of pyridoxine to pseudo- 
pyridoxine by the human organism as well. 


The Identity of ‘Pseudopyridoxine”: Further investigation of this sub- 
ject by Snell’s group (2) revealed that chemical treatment of pyridoxine 
produced derivatives with heightened growth-promoting activity for lactic 
acid bacteria comparable to those obtained with “pseudopyridoxine.” The 
two active derivatives were indicated to be an amine and an aldehyde of 
pyridoxine. They were named accordingly, pyridoxamine and pyridoxal. Sev- 
eral possible structures for these derivatives were postulated by Snell. The 
active amine and aldehyde were synthesized by Harris et al (3) on the basis 
of Snell’s data and their structures determined to be: 


Fig. 1 
CHAN, CHO CH,0H 
HO CH.OH HO CH..OH HO CH..OH 
| 2 2 2 
N N N 
PYRIDOXAMINE PYRIDOXAL PYRIDOXINE 


When pyridoxamine and pyridoxal were used as a standard of com- 
parison with S. /actis, values for the pyridoxine content of natural materials 
were obtained similar to those indicated by standard yeast assay procedures 
instead of the previously reported (1) absurdly high values obtained against 
a pyridoxine standard. This strongly indicated the identity of “pseudopyri- 
doxine” with pyridoxal and pyridoxamine. 

Snell offered the hypothesis, therefore, that transformation into pyridoxal, 
pyridoxamine (or their derivatives) is required for fulfillment of the cata- 
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lytic function of pyridoxine in all organisms. Yeast, for which pyridoxine 
itself has full activity, apparently effects this transformation without difh- 
culty. On the other hand, most lactic acid bacteria do not. Snell postulated 
further that the reversible transformation of pyridoxine into pyridoxal might 
indicate an enzymatic function of these materials in hydrogen transport 
mechanisms. Similarly, the interconversion of pyridoxine and pyridoxamine 
might occur via transamination* reactions, indicating a possible role of the 
vitamin in biological transaminations. 

With the confirmation by subsequent studies of other investigators as 
well of pyridoxal and pyridoxamine as the derivatives responsible for “‘pseu- 
dopyridoxine” activity, the existence of a “vitamin Bg” complex was estab- 
lished consisting of pyridoxine itself and the two active derivatives, as well 
as other possible forms, as yet unidentified. 


Comparative Activity and Occurrence of Members of ‘*Vitamin B,”? Com- 
plex: The vitamin activity of pyridoxal and pyridoxamine was studied for a 
series of seventeen different organisms including various bacteria, yeasts, 
molds, and white rats (4). In general, these two compounds were either 
equal in activity toward these organisms or greater than pyridoxine. This 
favored the original belief that they are more closely related chemically to 
the active form of pyridoxine. In the case of lactic acid bacteria, it seemed 
that pyridoxine itself was of little or no vitamin value. Yeasts, in general, 
utilize all three forms equally well. In two species of yeast, however, pyri- 
doxal and pyridoxine were equally active, while pyridoxamine appeared to 
be less effective. 

Knowledge of the response of these various microorganisms to the dif- 
ferent forms of vitamin Bg permitted a means of measuring the amounts of 
each of these forms in natural materials. Snell (5) reported on findings 
obtained through the use of three organisms for such differential analysis. 
These were Saccharomyces carlsbergensis (a yeast), Streptococcus faecalis 
and L. casei. L. casei (a lactic acid bacterium) was sensitive nearly exclusively 
to pyridoxal. S. faecalis responded three times as much to pyridoxamine as 
to pyridoxal and hardly at all to pyridoxine. The yeast reacted almost 
equally to all three forms of the vitamin. Assaying the same material with 
all three test organisms permitted an estimation of the vitamin Bg content 
broken down into the pyridoxine, pyridoxal and pyridoxamine components.** 

In this way, analyses were carried out on yeast extract, liver extract, rice 
bran concentrate and powdered grass juice. Pyridoxamine was found to be 
the predominating vitamin form in yeast, liver and grass (pyridoxal con- 





*Transfer of an amine (NH2) grouping from one compound to another. 
** Although basically sound in principle, it was found necessary to modify this method recently 
(5a) in order to take into consideration the occurrence of these materials in bound forms. 
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stituted only one-tenth to one-fourth of the total Bg activity). In rice bran, 
the predominating form was found to be pyridoxine. 

Pure pyridoxine derivatives and the natural materials were subjected to 
various chemical treatments and the resulting materials then assayed with 
the three organisms. These studies confirmed the hypothesis that pyridoxal 
and pyridoxamine* occur naturally and that in some products they may 
constitute a large fraction of the total vitamin Bg activity. 


Role of Vitamin Bs Group In Amino Acid Metabolism: 


Pyridoxine has been intimately linked with protein metabolism in at least 
three different ways: 


(1) It is essential for the complete metabolism of the amino acid, tryptophane. 
Further, in the form of phosphorylated pyridoxal, it has been shown to 
function in the biological synthesis of tryptophane from indole and serine. 


(2) In the form of phosphorylated pyridoxal, it is an essential prosthetic group 
(codecarboxylase) of decarboxylases, the enzymes which decarboxylate** the 
amino acids tyrosine, arginine, glutamic acid, “dopa’’ (dihydroxyphenyla- 
lanine), lysine and ornithine. 


(3) In the form of phosphorylated pyridoxal, it is an essential prosthetic group 
or coenzyme for transaminases, the enzymes which permit the transfer of the 
amino (NH.) group of glutamic acids (and to a lesser extent of other amino 
acids) to keto acids to produce new amino acids. 


The mechanism whereby pyridoxine enters into tryptophane metabolism 
is not yet understood; further, the full significance of the various decarboxy- 
lation and transamination reactions also await more complete elucidation. 
Nevertheless, the existence of such metabolic interrelationships offers a con- 
crete starting point for the interpretation of the physiological effects of pyri- 
doxine deficiency. The following section will attempt to review briefly the 
role of the vitamin Bg complex, insofar as this is now known, in the various 
phases of amino acid metabolism. 


Pyridoxine and Tryptophane Metabolism: The relationship of pyridoxine 
to tryptophane metabolism was suggested as early as 1942. At that time 
Lepkovsky and Nielsen (6) made the interesting discovery that the urine of 
pyridoxine-deficient rats contained a material which, when treated with iron 
ammonium sulfate, gave rise to a green pigment. Later work (7) identified 
the precursor of this pigment as xanthurenic acid, an intermediate compound 
formed during the metabolism of tryptophane. The finding of this abnormal 





*Either as such or even as parts of more complex structures. 
**Remove a CO grouping. 
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metabolite in the urine of pyridoxine-deficient swine also was subsequently 
reported by Wintrobe and associates (8). 


A subsequent report by this group (9) described a more detailed study 
of the excretion of tryptophane derivatives in pyridoxine-deficient swine. 
They found that the excretion of kynurenine (thought to be an intermediate 
product in the formation of xanthurenic acid from tryptophane), xanthurenic 
acid and a red pigment, wrorosein, is related to the amount of tryptophane in 
the diet.* In pyridoxine deficiency the excretion of these substances, par- 
ticularly xanthurenic acid, is increased. When adequate pyridoxine is pro- 
vided, the excretion of these intermediates ceases. The authors concluded 
from these observations that in pyridoxine deficiency tryptophane is not 
metabolized in the usual manner. 


Reid, Lepkovsky et al (10) conducted further studies on the excretion 
of xanthurenic acid in pyridoxine-deficient rats in an attempt to trace the 
metabolic pathway from tryptophane to xanthurenic acid. Of various sub- 
stances fed, only /-tryptophane and kynurenine caused the appearance of 
xanthurenic acid in the urine. This confirmed the postulated pathway, tryp- 
tophane —> kynurenine —-> xanthurenic acid. Similar findings were reported 
for dogs (11). 

The possibility then exists that the further metabolism of xanthurenic 
acid requires pyridoxine or more likely that, in the presence of pyridoxine, 
kynurenine is metabolized without the formation of xanthurenic acid as an 
intermediate to yield nicotinic acid (12).** 


Pyridoxine and Tryptophane Synthesis: A further relation between the 
vitamin, pyridoxine, and the amino acid, tryptophane, was revealed in 1946 
by the work of Umbreit, Wood and Gunsalus (13). They found that pyri- 
doxine, in the form of the coenzyme pyridoxal phosphate, is responsible for 
the synthesis (by cell-free enzyme preparations derived from Neurospora) of 
tryptophane from the precursors indole and serine. This synthesis had previ- 
ously been demonstrated in the mold, Neurospora (14), although the role of 
pyridoxal phosphate in the reaction had not yet been indicated. The relation- 
ship of pyridoxal phosphate in the synthesis of tryptophane to the action of 
this vitamin in the metabolism of tryptophane has not yet been determined. In 
this connection it may be pointed out that the formation of indole from 
tryptophane in certain intestinal bacteria (E. coli) is considered by Tatum 
and Bonner (14) to be a reversal of the synthesis reaction observed in 





*The nature of the excretory products of tryptophane has been found to vary with the animal 
species involved. Not all of them are excreted by different animals; in addition, some species also 
excrete kynurenic acid, which in the pig, for example, appears in traces or not at all. 

**cf, Borden’s Review of Nutrition Research, December, 1948, “Dietary Interrelationships: 
Nicotinic Acid—Tryptophane.” 
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Neurospora. Whether pyridoxal phosphate is involved in the degradation 
(by hydrolytic cleavage of the side chain) of tryptophane as well as in its 
synthesis, remains to be demonstrated. 

Pyridoxine and Decarboxylation of Amino Acids: The decarboxylation 
of amino acids (RCHNHe2. COOH) is a biochemical process whereby the 
carboxyl (COOH) group is removed with the resulting formation of an 
amine and the liberation of carbon dioxide. This process occurs in the animal 
organism only under the influence of specific bacterially produced enzymes 
which serve to catalyze the reaction. It has been demonstrated that such 
enzymes are highly specific, each amino acid being acted upon by a different 
decarboxylating enzyme. Up to the present, the decarboxylation of six amino 
acids has been studied (15). These include lysine, ornithine, arginine, tyro- 
sine, histidine and glutamic acid. 


For purposes of clarity, the following definitions may be of help: 
Enzyme—An organic catalyst. 
Apoenzyme—tThe protein fraction of an enzyme. 


Coenzyme—tThe prosthetic group (usually a vitamin) of an enzyme, which 
attaches to the protein fraction (apoenzyme) to form the complete, active 


enzyme. 

Cell free extract—A semi-purified source of enzyme manufactured by bacteria 
and separated from the bacterial cells thereby eliminating bacterial 
action as a complicating source of enzyme activity. 


By means of certain chemical treatment, five of the decarboxylases for 
these amino acids have been broken down into their apoenzyme and coen- 
zyme components. These are tyrosine, lysine, arginine, ornithine and glutamic 
acid decarboxylases. The apoenzyme or protein moiety for each is different. 
Although the identity of these complex protein fractions is not known, these 
apoenzyme preparations can be used in the following way in the identifica- 
tion of their complementary coenzymes: Apoenzymes possess no enzyme 
activity unless they are reactivated by the addition of a source of their coen- 
zymes. Consequently the apoenzymes can be used as a test for the presence of 
codecarboxylase (the coenzyme) since, if a suitable preparation of any sub- 
stance will produce an activation of the apoenzyme, it is highly probable 
that the substance contains codecarboxylase or a closely related product. In 
this way it was discovered that the four different apoenzymes are all acti- 
vated by the same material, indicating that there is only one codecarboxylase 
for all four. 


(Identification of Codecarboxylase): In studies with tyrosine decarboxy- 
lase obtained from S. faecalis, Bellamy and Gunsalus (16, 17) found that 
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the organisms produce the enzyme only if sufficient amounts of pyridoxine, 
in excess of growth requirements, are provided. When synthetic pyridoxal 
and pyridoxamine (2) became available these were added to the simplified 
basal medium and, in the case of pyridoxal only, found to markedly stimulate 
the production of tyrosine decarboxylase (18). Pyridoxine itself was inactive 
or only slightly effective (19) and pyridoxamine ineffective (18). 

In these studies, Gunsalus and Bellamy (18) used washed suspensions 
of the S. faecalis organisms as a source of the apoenzyme and demonstrated 
that the preparation could be activated by pyridoxal. When the cell sus- 
pensions were dried, however, pyridoxal no longer was able to activate the 
apoenzyme unless adenosine triphosphate (a phosphate donor) was also 
added, or unless the pyridoxal were phosphorylated by preliminary chemical 
treatment (20). These results strongly indicated that pyridoxal phosphate 
(exact formula not determined) is the coenzyme of tyrosine decarboxylase. 
This has been confirmed by other workers for the apoenzyme preparations of 
tyrosine, as well as for those of lysine, (20a) arginine (21, 22) ornithine 
(21) glutamic acid (22), and, most recently, for “dopa” (dihydroxypheny- 
lalanine). 

Some doubt as to the identity of pyridoxal phosphate as codecarboxylase 
resulted from the work of Gale and Epps (23) who isolated natural code- 
carboxylase from yeast and found it to be free of phosphorus. Umbreit, 
Bellamy and Gunsalus (24), however, compared the activity of pyridoxal 
phosphate, synthesized both chemically and biologically, with that of the 
“natural codecarboxylase” from yeast and found the two to be identical. 
Confirmation of the nature of codecarboxylase as pyridoxal phosphate was 
obtained with its synthesis and purification in the form of its barium salt by 
Gunsalus et al (25) in 1945. 


Pyridoxine and Transamination of Amino Acids: At the time when 
“pseudopyridoxine” was first identified as a mixture of pyridoxal and pyri- 
doxamine (2), Snell postulated the possible role of these compounds in 
biological transaminations, a phenomenon discovered some seven years 
earlier by Braunstein and Kritzmann (26). The suggestion was based on 
the structures of these two compounds. It was further supported by the obser- 
vation (4) that heating pyridoxal with a casein hydrolysate greatly de- 
creased its growth promoting activity for L. casei, while its activity for 
S. faecalis was increased and that for Saccharomyces carlsbergensis remained 
unchanged. Each of these effects would be brought about by conversion of 
pyridoxal to pyridoxamine, which might result from such treatment. The 
reverse reaction — pyridoxamine to pyridoxal — via transamination during 
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heating with /-ketoglutaric acid seemed also to be indicated as evidenced by 
improved growth promoting activities for L. casei. 


Further studies (27) supported these assumptions and indicated that 
the interconversion of pyridoxamine and pyridoxal occurs reversibly accord- 
ing to the equation: 


a 


Pyridoxal +- Glutamic acid G—> Pyridoxamine ++ o-Ketoglutaric acid 


b 


The data indicated further that a similar reaction may occur between pyri- 
doxal and certain other amino acids and between pyridoxamine and certain 
other ketoacids. Assay of naturally occurring transaminase concentrates (en- 
zyme effecting transamination) revealed the presence of vitamin Bg (includ- 
ing pyridoxine and derivatives). Further, tissues of vitamin Be-deficient rats 
showed a marked decrease in transaminating activity (28). Activity was 
restored with addition of pyridoxal and adenosine-triphosphate. These facts 
further confirmed the intimate relationship of the vitamin Bg group to the 
transamination process. Possible support for this biological role was given 
by the observation of Bellamy et a/ (29) that pyridoxamine can serve as a 
precursor of codecarboxylase in the presence of pyruvate, by being first con- 
verted, through transamination, to pyridoxal. 


These various suggestive observations were finally confirmed by Lich- 
stein, Gunsalus and Umbreit (30) who were able to demonstrate that pyri- 
doxal phosphate (already established as the coenzyme of decarboxylases) 
also acts as the coenzyme for the transaminase affecting the interconversion 
of glutamic and aspartic acids. This was demonstrated in two ways: (1) by 
growing cells in a medium deficient in pyridoxal to yield the apoenzyme of 
transaminase; then activating the apoenzyme by adding pyridoxal phosphate; 
(2) by resolving* the cell-free enzyme from organisms grown with pyridoxal 
and restoring the activity of this apoenzyme with pyridoxal phosphate. At 
about the same time, Green et al (31) reported on the isolation and proper- 
ties of two highly purified transaminating enzymes derived from pig heart. 
These were: 


(1) An aspartic-glutamic enzyme which catalyzes the transfer of amino groups 
from oxalacetate to glutamate or from aspartate to /-ketoglutarate, and 


(2) An alanine-glutamic enzyme which catalyzes the transfer of amino groups 
from pyruvate to glutamate or from alanine to /-ketoglutarate. 


The possibility that pyridoxal phosphate is the prosthetic group of both 
these enzymes was strongly indicated. 


*Breaking down by chemical treatment to obtain the apoenzyme moiety. 














BORDEN’S REVIEW of NUTRITION RESEARCH 9 


(Mechanism of Pyridoxal Phosphate in Transamination): Snell’s (27) 
original observation that the interconversion of pyridoxal and pyridoxamine 
suggested that these substances function in transamination by undergoing 
transamination themselves in the process, was corroborated by studies of 
Schlenk and Fisher (32) and conclusively confirmed by Umbreit, O’Kane 
and Gunsalus (33). They showed that a cell-free extract of the glutamic- 
aspartic apoenzyme (protein portion) can be activated not only by pyridoxal 
phosphate, but by pyridoxamine phosphate as well. This confirmed both the 
role of pyridoxine derivatives in transamination as well as the fact that the 
two (pyridoxal and pyridoxamine) undergo interconversion during the 
process. Still further proof was established with the final resolution of glu- 
tamic-aspartic transaminase yielding a highly purified apoenzyme which was 
used to test for the activity of pyridoxal phosphate as coenzyme (34). 

It is interesting to note that while pyridoxamine phosphate and pyridoxal 
phosphate are interchangeable for transamination purposes, decarboxylation 
reactions are brought about by pyridoxal phosphate only.* 

Thus it would appear that both pyridoxal and pyridoxamine are part of 
the prosthetic group of the transaminase enzymes and that the capacity for 
transamination is due to the reversible reaction: Pyridoxal ~—> Pyridox- 
amine, in the coenzyme.** 


Significance of the Biological Action of Vitamin Be Group: 


Studies during the last eight years have clearly established a number of 
biochemical functions for pyridoxine and its derivatives in the intermediary 
metabolism of amino acids. The question still remains: How are these bio- 
chemical activities to be related to symptoms of pyridoxine malnutrition as 
manifested by skin, blood and nerve disturbances ? 

The answer to this question must await more complete knowledge of 
the specific functions of the various amino acids; more complete knowledge 
of what interference with decarboxylation processes may result in and, simi- 
larly, what may be the results of interruptions in essential transaminations. 

The following, purely speculative considerations, may serve to indicate 
what future research might be expected to deal with in an attempt to com- 
plete present knowledge of the biological significance of Vitamin Bg.*** 





*More recent studies have demonstrated that pyridoxamine phosphate cannot replace pyridoxal 
phosphate in activating certain transaminase preparations (38). The conclusion has therefore been 
reached that pyridoxamine phosphate is not a coenzyme in the transaminase system, and the other- 
wise attractive theory of amino group transfer within the coenzyme molecule has been discarded. 

**Because of the very extensive literature on both transamination and decarboxylation, and 
because much of the material is beyond the scope of this Review it has been neccessary to limit 
this review to only a representative few of the papers involved. 

***The term “vitamin Bg” is used here to refer to the entire group, pyridoxine, pyridoxal, 
pyridoxamine and the active phosphates, or in a general way, to the appropriate member thereof 
as understood from the earlier discussions in the text. 
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(9) 
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Anemia: (1) Disturbances of tyrosine metabolism are known to occur in perni- 


cious anemia (35). Vitamin Bg deficiency interferes with the decarboxy- 
lation of tyrosine. Since decarboxylation of tyrosine produces a toxic amine, 
however, it is not immediately apparent what significance this may have 
concerning the role of vitamin Bg deficiency in anemia. 


Tryptophane deficiency is a causative factor in anemia (36) Vitamin B, 
deficiency interferes with the synthesis of tryptophane and may therefore 
cause a deficiency of this amino acid leading to anemia. 


Tryptophane may be a precursor of niacin.* Interference with its syn- 
thesis may decrease the amount of available niacin in the body. Derange- 
ment of tryptophane metabolism (caused by interference with decarboxy- 
lation as a result of inadequate vitamin Bg) may also decrease the amount 
of niacin. Niacin deficiency (pellagra) is often associated with anemia. 


Vitamin Bg deficiency results in the excretion of urorosein, at abnormal 
urinary pigment. Urorosein is also found in the urine of pellagrins (9). 
This may be due directly to Bg deficiency in pellagra or niacin deficiency 
induced by inadequate Bg. 


Skin Lesions: (5) The relation between Bg deficiency and pellagra, as indicated 


by (3) and (4), may explain the dermatological signs characteristic of 
both these deficiency conditions. It may also explain the occurrence of 
neurological disorders common to both conditions. 


Epileptiform Fits: (6) Epileptiform fits have been described in vitamin Bg 


deficiency. They have been prevented or cured with pyridoxine. Similar fits 
have responded to administration of glutamic acid.** Glutamic Acid is a 
key amino acid in essential transaminations and is also involved in decar- 
boxylation. Both of these processes depend on an adequate supply of vita- 
min Bg. Thus the role of vitamin Bg deficiency in epileptiform fits might 
be explained by its effect in deranging glutamic acid metabolism. 


Addition of extra tryptophane to B,-deficient animals increases brain sensi- 
tivity and the susceptibility to electroshock (37). It has been suggested 
that this action is due, not to deranged tryptophane metabolism, but to the 
fact that extra tryptophane may increase the competition for vitamin Bg, 
among the enzyme systems which require the vitamin. 


Findings with both tryptophane and glutamic acid have suggested that an 
effect on the transaminase system of the brain may be indirectly responsible 
for the increased excitability observed in vitamin Bg deficiency. It has been 
postulated (37) that extra glutamic acid, for example, promotes a more 
efficient utilization of pyridoxine in the transaminase system and that the 
maintenance of normal transamination is essential for normal brain function. 


These considerations pose a final question: Is there a possible connection 


between the epileptiform fits induced in dogs by the feeding of agenized 


*¢ft, Borden's Review of Nutrition Research, Dec. 1948, “Dietary Interrelationships:—Nico- 


tinic Acid—Tryptophane.”’ 
**-f Borden’s Review of Nutrition Research, Sept. 1948, “Glutamic Acid and Intellectual 


Performance.” 
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flour and a derangement of the metabolism of any one of the interrelated 
factors, glutamic acid, vitamin Bg, niacin or tryptophane? The effect of 
agene has not yet been determined fully, but it is considered to be toxic 
because of its chemical interaction with one or more of the amino acids 
of wheat or of casein. 
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